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Human PEC-60-Like Protein and DNA Encoding this Protein 



5 Application Field 



The present invention relates to a human PEC-60-like 
protein and a cDNA encoding this protein. The protein of the 
present invention can be used as pharmaceuticals for the 
treatment and diagnosis of the digestive system diseases, the 

10 immune system diseases, and the nervous system diseases, or 
as an antigen for preparing an antibody against said protein. 
The human cDNA of the present invention can be used as a probe 
for the gene diagnosis and a gene source for the gene therapy. 
Furthermore, the cDNA can be used as a gene source for 

15 large-scale production of the protein encoded by said cDNA.. 



Prior Art 

PEC-60 (a peptide consisting of an N-terminal glutamic 
acid, a C-terminal cysteine, and 60 amino acid residues) was 

20 ■ isolated from the pig small intestine as a protein that 

inhibits the glucose-induced insulin secretion from perfused 
pancreas [Agerberth, B. et al., Proc. Natl. Acad. Sci. USA 
86: 8590-8594 (1989)]. In general, such gastrointestinal 
hormones are found also in the nervous systems in many^'cases, 

25 whereas recent immunohistological studies have revealed the 
localization of a putative PEC-60 in the central and 
peripheral catecholamine nerves [Fuxe, K. etal., Neuroreport 



5: 1317-1821 (1994)]. Furthermore, it has been suggested that 
the peptide plays some roles in the immune system, from the 
observation of its existence in the peripheral blood monocyte 
in a high content as well as the excretion in the serum [Metsis, 
M. et al., J. Biol. Chem., 267: 19829-19832 (1992)]. 

Since PEC-60 is a multi-functional hormone acting in the 
digestive tract, the nervous system, the immune system, etc. , 
as indicated above, the acquisition of a human PEC-60 leads 
to its utilization as medicines. Although a porcine PE;c-60 
cDNA has been cloned up to date [Metsis, M. et al.-, J. Biol. 
Chem., 267: 19829-19832 (1992)], any report has not been 
presented on the human cDNA. 

Disclo sure nf the Invention 

As the result of intensive studies, the present 
inventors were successful in cloning of a human cDNA encoding 
a human PEC-60-like protein, thereby completing the present 
invention. That is to say, the present invention provides a 
protein containing the amino acid sequence represented by 
Sequence No. 1 that is a human PEC-60-like protein. The 
present invention, also, provides a DNA encoding said protein 
exemplified as a cDNA containing the base sequence 
represented by Sequence No. 1. 

The protein of the present invention can be obtained, 
for example, by a method for isolation from human organs, cell 
lines, etc, a method for preparation of the peptide by the 
chemical synthesis on the basis of the amino acid sequence 



of the present invention, or a method for production with the 
recombinant DNA technology using the DNA encoding the human 
PEC-60-like protein of the present invention, wherein the 
method for obtainment by the recombinant DNA technology is 
employed preferably. For example, an in vitro expression can 
be achieved by preparation of an RNA by the in vitro 
transcription from a vector having the cDNA of the present 
invention, followed by the in vitro translation using this 
RNA as a template. Also, the recombination of the translation 
domain to a suitable expression vector by the method known 
in the art leads to the expression of a large amount of the 
encoded protein by using Escherichia coli, Bacillus subtil is, 
yeasts, animal cells, and so on. 

The DNA of the present invention includes all DNA 
encoding said protein. Said DNA can be obtained using the 
method by chemical synthesis, the method by cDNA cloning, and 
so on. 

The cDNA of the present invention can be cloned from, 
for example, a cDNA library of the human cell origin. The cDNA 
is synthesized using as a template a poly (A)" RNA extracted 
from human cells. The human cells may be cells delivered from 
the human body, for example, by the operation or may be the 
culture cells . A poly (A) ' RNA isolated from the human stomach 
cancer tissue is used in Examples. The cDNA can be synthesized 
by using any method selected from the Okayama-Berg method 
[Okayama, H. and Berg, P. , Mol. Cell. Biol. 2: 161-170 (1982)], 
the Gubler-Hof fman method [Gubler, U. and Hoffman, J. Gene 



25: 253-269 (1983)], and so on, but it is preferred to use 
the capping method [Kato, S. et ai. , Gene 150: 2 4 3-2 50 (1994) ] 
as illustrated in Examples in order to obtain a full-length 
clone in an effective manner. 

The cloning of the cDNA is performed by the sequencing 
of a partial base sequence of the cDNA clone selected at random 
from the cDNA library and the search of the protein data base 
by the amino acid sequence predicted from the base sequence. 
The identification of the cDNA is carried out by determination 
of the whole base sequence by the sequencing, the protein 
expression by the in vitro translation, and the expression 
by Escherichia coli. 

The cDNA of the present invention is characterized by 
containing the base sequence represented by Sequence No. 1, 
as exemplified by that represented by Sequence No. 2 
possessing a 398-bp base sequence with a 261-bp open reading 
frame. This open reading frame codes for a protein consisting 
of 86 amino acid residues and possessed a signal sequence at 
the N-terminal end. 

Hereupon, the same clone as the cDNA of the present 
invention can be easily obtained by screening of the human 
cDNA library by the use of an oligonucleotide probe 
synthesized on the basis of the cDNA base sequence depicted 
in Sequence No. 1 or Sequence No. 2. 

In general, the polymorphism due to the individual 
difference is frequently observed in human genes. Therefore, 
any cDNA that is subjected to insertion or deletion of one 
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or plural nucleotides and/or substitution with other 
nucleotides in Sequence No. 1 or Sequence No. 2 shall come 
within the scope of the present invention. 

In a similar manner, any protein that is produced by 
these modifications comprising insertion or deletion of one 
or plural nucleotides and/or substitution with other 
nucleotides shall come within the scope of the present 
invention, as far as said protein possesses the activity of 
the protein having the amino acid sequence represented by 
Sequence No. 1. 

The cDNA of the present invention includes cDNA 
fragments (more than 10 bp) containing any partial base 
sequence of the base sequence represented by Sequence No. 1 
or No. 2. Also, DNA fragments consisting of a sense chain and 
an anti-sense chain shall come within this scope. These DNA 
fragments can be used as the probes for the gene diagnosis. 

Brief Description of thp Drawl ngc; 

Figure 1 is a figure depicting the structure of the 
plasmid pHP00839. 

Figure 2 is a figure depicting the structure of the 
Escherichia coli expression vector pMALPECSO of the present 
invention . 



Best Mode for Carrvino Out- thf> Tnvpntinn 

The present invention is embodied in more detail by the 
following examples, but this embodiment is not intended to 



restrict the present invention. The basic operations and the 
enzyme reactions with regard to the DNA recombination are 
carried out according to the literature [Molecular Cloning. 
A Laboratory Manual", Cold Spring Harbor Laboratory, 1989] . 
Unless otherwise stated, restrictive enzymes and a variety 
of modification enzymes to be used were those available from 
TAKARA SHUZO. The manufacturer's instructions were used for 
the buffer compositions as well as for the reaction conditions, 
in each of the enzyme reactions. The cDNA synthesis was 
carried out according to the literature [Kato, S. et al. , Gene 
150: 243-250 (1994) ] . 

Example?; 

Preparation of Poly (A)' RNA 

After 1 g of a human stomach cancer tissue was 
homogenized in 20 ml of a 5.5 M guanidinium thiocyanate 
solution, 750 y.q of mRNA was prepared according to the 
literature [Okayama, H. et al., "Methods in Enzymology" Vol. 
164. Academic Press, 1987]. This was subjected to 
oligo (dT) -cellulose column chromatography washed with a 20 
mM Tris-hydrochloric acid buffer solution (pH 7 . 6) , 0 . 5 M NaCi, 
and 1 mM EDTA to obtain 10 ^g of a poly (A)' RNA according to 
the literature mentioned above. 



Co nstrurtion of cDNA Library 

Ten micrograms of the above described poly (A)' RNA were 
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dissolved in a 100 miM Tris-hydrochloric acid buffer solution 
{pH 8), one unit of an RNase-free, bacterial alkaline 

phosphatase was added, and the reaction was run at 37°C for 
one hour. After the reaction mixture was subjected to phenol 
extraction followed by ethanol precipitation, the pellet was 
dissolved in a solution containing 50 mM sodium acetate (pH 
6) , 1 miy! EDTA, 0.1% 2-mercaptoethanol , and 0,01% Triton X-100. 
Thereto was added one unit of a tobacco acid pyrophosphatase 
(Epicentre Technologies) and a total 100 ^1 volume of the 

resulting mixture was reacted at 37*^0 for one hour. After the 
reaction mixture was subjected to phenol extraction followed 
by ethanol precipicat ion, the pellet was dissolved in water 
to obtain a solution of a decapped poly (A)* RNA. 

The decapped poly (A) * RNA and 3 nmol of a chimeric DNA-RNA 
oligonucleotide ( 5 ' -dG-dG-dG-dG-dA-dA-dT-dT-dC-dG-dA-G-G- 
A-3') were dissolved in a solution containing 50 mM Tris- 
hydrochloric acid buffer (pH 7,5), 0 . 5 mN ATP, 5 mM MgCl., 
10 mM 2-mercaptoethanol, and 25% polyethylene glycol, whereto 
was added 50 units of T4RNA ligase and a total 30 [xl volume 

of the resulting mixture was reacted at 20''C for 12 hours. 
After the reaction mixture was subjected to phenol extraction 
followed by ethanol precipitation, the pellet was dissolved 
in water to obtain a chimeric-oligo-capped poly (A)* RNA. 

After digestion of a vector pKAl (Japanese Patent Kokai 
Publication No. 1992-117292) developed by the present 
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inventors with Kpnl, about 60 dT tails were added using a 
terminal transferase, A vector primer to be used below was 
prepared by digestion of this addition product with EcoRV to 
remove a dT tail at one side. 

After 6 |ig of the previously-prepared chimeric- 
oligo-capped poly (A)* RNA was annealed with 1,2 \xq of the 
vector primer, the resulting mixture was dissolved in a 
solution containing 50 mM Tris-hydrochloric acid buffer (pH 
8.3), 75 mM KCl, 3 mM MgCl,, 10 mM dithiothreitol, and 1.25 
mM dNTP (dATP + dCT? + dGTP + dTTP) , 200 units of a 
transcriptase (GI3C0-BRL) were added, and the reaction in a 

total 20 1^1 volume was run at 42*^C for one hour. After the 
reaction mixture was subjected to phenol extraction followed 
by ethanol precipitation, the pellet was dissolved in a 
solution containing 50 mM Tris-hydrochloric acid buffer (pH 
7.5), 100 mM NaCl, 10 mM MgCl., and 1 mM dithiothrei tcl . 

Thereto were added 100 units of EcoRI and a total 20 ul volume 

, of the resulting mixture was reacted at 37°C for one hour. 
After the reaction mixture was subjected to phenol extraction 
followed by ethanol precipitation, the pellet was dissolved 
in a solution containing 20 mM Tris-hydrochloric acid buffer 
solution (pH 7.5), 100 mM KCl, 4 mM MgClj, 10 mM (NHJ^SO,, 

and 50 |ig/ml of the bovine serum albumin. Thereto were added 
60 units of an Escherichia coli DNA ligase and the resulting 
mixture was reacted at 16°C for 16 hours. To the reaction 



mixture were added 2 |ii of 2 mM dNTP, 4 units of an Escherichia 
coli DNA poiymerase I, and 0.1 unit of an Escherichia coli 
DNase H and the resulting mixture was reacted at 12°C for one 
hour and then at 22*'C for one hour. 

Next, the cDNA-synthesis reaction solution was used for 
transformation of an Escherichia coli DH12S (GIBCO-BRL) . The 
transformation was carried out by an electroporat ion method. 
A portion of the transformant was sprayed on the 2xYT agar 

culture medium containing 100 |ig/ml ampicillin and the 

mixture was incubated at 37°C overnight. A colony' formed on 
the agar medium was picked up at random and inoculated on 2 
ml of the 2xYT culture medium containing 100 |ig/ml ampicillin. 

After incubation at 37°C for 2 hours, the mixture was infected 
with a helper phage MK13K07 (Pharmacia) and incubated further 
at 37°C overnight. The culture solution was centrifuged to 
separate the mycelia and the supernatant, wherein a 
^ double-stranded DNA was isolated from the mycelia by the 
alkaline hydrolysis method and a single-stranded plasmid DNA 
from the supernatant according to the conventional method. 
After double digestion with EcoRI and NotI, the double- 
stranded plasmid DNA was subjected to 0.8% agarose gel 
electrophoresis to determine the size of the cDNA insert. On 
the other- hand, after the sequence reaction using an M13 
universal primer labeled with a fluorescent dye and a Taq 
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polymerase (a kit of Applied Biosystems) , the single-stranded 
phage DNA was examined with a fluorescent DNA sequencer 
(Applied Biosystems) to determine the about 400 bp base 
sequence at the 5 '-terminus of the cDNA. The sequence data 
were filed as the Homo-Protein cDNA Bank database. 

CDNA Cloning 

The base sequencing of the clones selected at random from 
the above-mentioned cDNA library was carried out and the 
obtained base sequence was converted to three frames of the 
amino acid sequence, which were subjected to a search of the 
protein data base. The analysis software used was GENETYX-^IAC 
(Software Development) . As the result, a protein encoded by 
a plasmid pHP00839 contained in the clone HP00839 was revealed 
to be highly homologous to the porcine PEC-60 amino acid 
sequence. The structure of this plasmid is depicted in Figure 
1. The structure consisting of a 42-bp 5 ' -nontranslat ion 
region, a 261-bp open reading frame, and a 95-bp 3'- 
nontranslation region (Sequence No. 2) was found from the 
determination of the whole base sequence of the cDNA insert. 
The open reading frame codes for a protein consisting of 86 
amino acid residues and the search of the protein data base 
using this sequence revealed such a high 73,3% homology to 
the porcine PEC-60 amino acid sequence over the whole regions. 
Table 1 shows the comparison between the amino acid sequence 
of the human PEC-60-like protein of the present invention (HS) 



and that of the porcine PEC-60 (SS) . Therein, the marks of 

(asterisk) and . (dot) represent an amino acid residue 
identical with the protein of the present invention and an 
amino acid residue similar to the protein of the present 
invention, respectively . 

Table 1 



HS MAVRQWVIALALAALLVVDREVPVAAGKLPFSRMPICEHMVESPTCSQMSNLVCGTDGLT 
★ ★i^* ★* ^ ******* ^ ^ ^ * ^ * ********** ^ . +^^^^t* * 

SS iXlAVRLWWALALAALFIVDREVPVSAEKQVFSRMPICEHMTESPDCSRIYDPVCGTDGVT 
HS YTNECQLCLARIKTKQDIQIMKDGKC 
*^ ^**^******^ _******^*** 

SS YESECKLCLARIENKQDIQIVKDGEC 



Protein .synthesis bv in v^tro Tr^n^i^fjnp 

The vector pHP00839 having the cDNA of the present 
invention was used for in vitro translation with a TNT rabbit 
reticulocyte lysate kit (Promega) . In this case, 
[^^S]methionine was added to label the expression product with 
a radioisotope. Each of the reactions was carried out 
according to the protocols attached to the kit. Two micrograms 
of the plasmid pHP00839 was reacted at 30°C for 90 minutes 
in a total 100 |al volume of the reaction mixture containing 
50 |il of the TNT rabbit reticulocyte lysate, 4 jil of a buffer 
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solution (attached to the kit) , 2 (il of an amino acid mixture 

(Met-free), 8 |al of [^^S] methionine (Amersham) (0.37Mbq/^l), 

2 |il of T7RNA polymerase, and 80 U of RNasin. To 3 )il of the 

resulting reaction mixture was added 2 |il of the SDS sampling 
buffer (125 mM Tris-hydrochloric acid buffer, pH 6,8, 120 mM 
2-mercaptoethanol, 2% SDS solution, 0.025% bromophenol blue, 

and 20% glycerol) and the resulting mixture was heated at 
for 3 minutes and then subjected to SDS-polyacrylamide gel 
electrophoresis . Determination of the molecular weight of the 
translation product by carrying out the autoradiography 
indicated that the cDNA of the present invention yielded the 
translation product with the molecular mass of about 10 kDa. 
This value is consistent with the molecular weight of 9,454 
predicted for the putative protein from the base sequence 
represented by Sequence No. 2, thereby indicating that the 
cDNA certainly codes for the protein represented by Sequence 
No. 2. 

Expression of Fusion Protein by Escherichia coli 

Two strands of an oligonucleotide primer PRl (5'- 
GCGGTCTCGGGAAAGCTCCCTTTCTCAAG-3' ) and PR2 (5'- 
GCGTCGACTCAGCATTTGCCATCTTTCA-3 ' ) were synthesized using a 
DNA synthesizer (Applied Biosystems) according to the 
attached protocol. 

PGR was carried out using 1 ng of the plasmid pH?00839 
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as well as 100 pmole each of primer PRl and primer PR2 to 
amplify a region encoding a maturation protein consisting of 
C-terminai 60 amino acid residues. After phenol extraction 
and ethanol precipitation, the pellet was digested with 20 
units of Bsal (New England Biolabs), treated with Klenow 
enzyme, and then digested with Sail. The reaction product was 
subjected to 1.5% agarose gel electrophoresis, cutting-off 
of an about 200-bp DNA fragment from the gel, and 
purification . 

Then, after 1 ug of plMALTM-c2 (New England Biolabs) was 
digested with 20 units of XinnI (New England Biolabs) and Sail, 
the product was subjected to 0 . 6% agarose gel electrophoresis 
followed by cutting-off of a 5.7-kbp DNA fragment from the 
gel. The vector fragment and the cDNA fragment were ligated 
by using a ligation kit and then Escherichia coli Jr^I109 was 
transformed. Plasmid pI^.LPEC was prepared from the 
transformant and the objective recombinant was identified by 
the restriction enzyme cleavage map. Figure 2 depicts the 
structure of the obtained plasmid. 

A suspension of 10 ml of an overnight-incubated liquid 
of PMALPEC60/JM109 in 500 ml of the Rich culture medium 
(contains 10 g of triptone, 5 g of yeast extract, 5 g of NaCl, 
and 2 g of glucose per one liter) was incubated in a shaker 

at 37°C and isopropylthiogalactoside was added so as to make 

1 mM when Aggo reached about 0.5. After further incubation at 

37*^C for 3 hours, the mycelia collected by centrif ugation were 
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suspended in 25 mi of a column buffer for amylose column (10 
mM Tris-hydrochloric acid, pH 7 . 4, 200 mM NaCl, and 1 mJ^ EDTA) . 
After sonif ication, the suspension was centrifuged and the 
supernatant was charged into an amylose column (New England 
5 Biolabs) with a 3.5-ml head volume. After the column was 
washed with an 8-fold column volume of the column buffer, a 
maltose-binding protein/PEC60-like protein fusion protein 
was eluted with 20 ml of the column buffer containing 10 miM 
maltose to afford 15.3 mg of the fusion protein. The SDS- 
10 polyacrylamide electrophoresis of this fusion protein 

indicated a single band at the position of about 50 kDa. This 
molecular mass value is consistent with the molecular weight 
predicted for the maltose-binding protein/PECSO-like protein 
fusion protein. 

15 To 200 |il of the column buffer containing 100 ug of the 

maltose-binding protein/PEC60-like protein fusion protein 
was added 1 |ig of factor Xa and the reaction was run at 4*^0 
for 12 hours. The reaction solution was subjected to the 
r amylose-column chromatography and the fraction eluted 

20 straight was collected to afford 15 \iq of a PEC-50-like 
protein. The SDS-polyacrylamide electrophoresis of this 
protein indicated a band at the position of about 7 kDa 
corresponding to the PEC-60-like protein of the present 
invention . 

25 

Probable Industrial Applicability 



The present invention provides a human PEC-60-like 
protein, a DNA encoding said protein, and a human cDNA 
encoding said protein. The protein of the present invention 
can be used as pharmaceuticals for the treatment and diagnosis 
of the digestive system diseases/ the immune system diseases, 
and the nervous system diseases or as an antigen for preparing 
an antibody against said protein. Said DNA can be used for 
the expression of a large amount of said protein. 



